.
Cell Parameter Extraction
When cytologists classify cells, they use such char- is a measure of how well the two methods coincide.
If the ratio is 1.0 the two binary images are identical and if the ratio is 0.0 they have no common point at all. Figure  2 shows a dyscaryotic surface epithelial cell together with its two digitized images. In Figure  3 the nuclear contour resulting from the radial transformation is shown together with the contour resulting from thresholding the image at the greylevel found in the histogram. The AND:ed area is shadowed.
The ratio was required to be larger than 0.5, otherwise the cell was rejected.
Finally, the nucleus contour that was used was taken from the AND:ed binary image. The image points inside the contour were considered as the nucleus points.
In general, the nuclear area will be slightly underestimated by using this method, while estimates of other parameters such as nuclear density and chromatin coarseness will remain relatively unaltered.
Cytoplasm Finding
The cytoplasm contour was determined by using images of the same cell scanned at different wave-
lengths.
A two-dimensional, or bivariate, grey-level histogram was calculated from the images. Figure  4 shows a bivariate histogram of the cell in Figure  2 . (1)
These two univariate histograms are also shown in Figure 4 .
In This corresponds to a two-dimensional thresholding. The cytoplasm boundary was then taken from the boundary of the largest connected object in the binary image after the thresholding. This procedure gave considerably better result than thresholding in the one-dimensional histograms, in particular for lightly stained cells. Figure 3 shows, in addition to the nuclear contours, the cytoplasmic definition for the cell in Figure 2 . All the points inside the cytoplasmic boundary, except the nuclear points, were defined as cytoplasm points.
Cell Parameters
The 
The AREA parameter If a truncated Fourier series
is used to approximate the contour, a closer fit to the original contour will be obtained as the number of terms increases. Figure   6 illustrates this. The first two terms have a special interpretation. Thus by choosing shape descriptors which contain a and a-in a symmetrical way, orientation independence will be obtained.
The power spectrum has all these properties except for the orientation independence. Figure 7 shows the power spectrum for three different contours. The following parameters were calculated from the Fourier coefficients:
Ia-i +Iaif MAJTOMIN MAJTOMIN is a measure of elongation of the contour, the ratio between the major and the minor axis of the fitted ellipse. This parameter was especially intended for detection of cylinder cells, which have elliptically shaped cytoplasms. BDYVAR measures the boundary variations in a part of the frequency spectrum.
The upper limit p of the spectrum, which was considered as meaningful to quantitate, was found by studying the truncated Fourier series. As seen in Figure 6 , 32 terms give an approximation which is very close to the original contour.
If m in equation 1 1 is set equal to 2, and p to 16, a measure of deflection from the ellipse will be obtained.
If m and p are set to 7 and 16, respectively, more rapid variations in the contour will be measured. Figure  8 shows the values of MAJTOMIN for the contours of 10 cylinder cells and 10 parabasal cells. Figure 9 shows the values of BDY-VAR (2, 16) for 10 round parabasal cells and 10 irregularly shaped malignant cells. In addition to these shape descriptors, the nucleus position on the major axis of the cytoplasm, NDIST-MAJOR, and the ratio between the nucleus diameter (1 1) parallel to the minor axis and the minor axis of the cytoplasm, NRAD/MINOR, were used. These parameters were also intended to detect cylinder cells. We considered it valuable to identify endocervical cells since the presence of such cells indicates representstiveness of the endocervical area and also since a few such cells cause false alarms.
A parameter called AX-MAX calculated as the largest diameter of the radial binary image was also determined.
Structure oriented cell parameters:
The coarseness of the chromatin distribution is considered an important diagnostic characteristic of cancer cells. We therefore quantitated the texture within the cell nuclei. All texture parameters were calculated within the nuclear contour, and only from the 570 nm image. The parameters are basically extracted from differences in light transmission between neighboring image points. The first class of parameters is derived from differences in grey-level between pairs of image points taken in steps of 1,2. . . up to steps of 10 points when moving along the scan lines in the nucleus. Figure  1OA shows a cross section through a digitized cell image. In Figure  lOB , the frequencies of differences obtained with step length 1 are shown. The larger the local irregularities in light transmission, the more the frequencies of where p (i ,) is defined as the probability of grey-level i occuring after grey-level j in the nucleus when moving along the scan lines within the nucleus.
The parameters were:
As an example of the discriminating power of these parameters, the distribution of CONTRAST values for 50 normal and 50 atypical parabasal cells is shown in Figure 11 .
Cell Parameter Evaluation, Methods and Results
Depending on the desired end result, there are several different ways in which to evaluate the cell parameters described in the previous paragraph. In particular, the method or model to be used for classification of whole smears will determine the evaluation process.
One Figure  12 shows the cell distribution in 1-space when only the first 12 parameters have been included in the discriminating set. In Figure   13 the material has been divided (18) into the eight cell categories and plotted in the same (17) 1-space as in Figure 12 . Table   II shows the first 16 steps of the analysis as in the 2group case. Figure   14 shows the distribution of cells in 2-space when only the first 10 parameters have been included in the discriminating set. By means of a quadratic or a piecewise linear classifier, the error ratio for maximum likelihood classification will be as low as for the 
